Objective: The aim of this study was to investigate whether post-hospital syndrome (PHS) places patients undergoing elective hernia repair at increased risk for adverse postoperative events. Summary of Background Data: PHS is a transient period of health vulnerability following inpatient hospitalization for acute illness. PHS has been well studied in nonsurgical populations, but its effect on surgical outcomes is unclear. Methods: State-specific datasets for California in 2011 available through the Healthcare Cost and Utilization Project (HCUP) were linked. Patients older than 18 years who underwent elective hernia repair were included. The primary exposure variable was PHS, defined as any inpatient admission within 90 days of an elective hernia repair performed in an ambulatory surgery center. The primary outcome was an adverse event, defined as any unplanned emergency department visit or inpatient admission within 30 days postoperatively. Mixed-effects logistic models were used for multivariable analyses. Results: A total of 57,988 patients met inclusion criteria. The 30-day riskadjusted adverse event rate was significantly higher for PHS patients versus non-PHS patients (11.8% vs 5.8%, P < 0.001). PHS patients were more likely than non-PHS patients to experience postoperative complications (odds ratio 2.2, 95% confidence interval 1.6-3.0). Adverse events attributable to PHS cost an additional $63,533.46 per 100 cases in California. The risk of adverse events due to PHS remained elevated throughout the 90-day window between hospitalization and surgery. Conclusions: Patients hospitalized within 90 days of an elective surgery are at increased risk of adverse events postoperatively. The impact of PHS on outcomes is independent of baseline patient characteristics, medical comorbidities, quality of center performing the surgery, and reason for hospitalization before elective surgery. Adverse events owing to PHS are costly and represent a quality improvement target.
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Keywords: ambulatory surgery, elective hernia repair, post-hospital syndrome (Ann Surg 2017;266:274-279) P ost-hospital syndrome (PHS) is a transient period of health vulnerability following hospitalization for acute illness. PHS is characterized by the risk of early re-hospitalization towing to physiologic stressors from the initial admission, including disruption in sleep-wake cycles, inadequate pain control, deconditioning, and changes in nutritional status.
1,2 Nearly 20% of Medicare patients discharged from a hospital are readmitted within 30 days with an acute medical problem, many of which are unrelated to the initial diagnosis.
1 Additionally, PHS has been shown to coincide with high rates of readmission in Medicare patients initially hospitalized for heart failure, acute myocardial infarction, or pneumonia, 3 as well as with generally higher risk for adverse events for these patients in the year following hospitalization compared to the elderly general population. 4 It is unclear whether PHS impacts postoperative outcomes in patients undergoing elective surgical procedures. Readmissions after inpatient surgery generally have been associated with postdischarge complications related to the procedure as opposed to exacerbations of complications during a previous hospitalization. 5 For patients undergoing surgery in the ambulatory surgical setting, acute care revisits are not uncommon and represent a potential quality improvement target. 5 Although there are known risk factors for hospital admission after ambulatory surgery, 7, 8 more work is needed to determine whether PHS influences adverse event rates after low-risk, elective surgery. For example, does an inpatient admission within 90 days of elective, outpatient surgery increase the risk of adverse postoperative events? Should patients recently discharged from the hospital, and therefore currently in a vulnerable state, undergo elective, ambulatory surgery? We sought to determine whether PHS is an unrealized or previously unmeasured risk to patients undergoing elective surgery in ambulatory surgery centers (ASCs).
METHODS

Data Source
We used the entire spectrum of datasets for the state of California available through the Healthcare Cost and Utilization Project (HCUP) to follow patients through inpatient, ambulatory surgical, and emergency department visits. The Agency of Health Research and Quality (AHRQ) sponsored the development of HCUP to inform health-related decisions. 6 Data are deidentified, protected, and include >100 clinical and nonclinical variables.
The specific datasets used were the State Inpatient Database (SID), which includes all patient discharge records for all payers, the State Ambulatory Surgical and Services Database (SASD), which provides encounter-level data for ambulatory surgery and other outpatient services from hospital-owned facilities, and the State Emergency Department Database (SEDD), which captures discharge information on all emergency department visits that do not result in an admission.
From the
Patient Inclusion
Patients were identified using HCUP SASD in the state of California for the year 2011. The Clinical Classification Software (CCS) for International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM), was used to define the population of interest. CCS is a categorization tool developed as part of HCUP to collapse >3900 ICD-9-CM procedure codes into clinically meaningful categories to facilitate research. 7 Any patient 18 years or older who underwent an elective hernia repair (CCS codes 85 and 86) was included for study.
Encounters identified in HCUP SASD were then linked to the HCUP SID and HCUP SEDD. This allowed identification of patients with previous inpatient admissions and inpatient or emergency department visits following their surgery. Patients with multiple encounters in the SASD with the same CCS code were excluded to ensure our evaluation of patients with a single operation.
Exposure and Outcome Variables
Following previous literature, 4 the primary exposure variable of PHS was defined as any inpatient admission within 90 days of an elective hernia repair performed in an ASC. The primary outcome of interest was an adverse event, defined as any unplanned emergency department visit or inpatient admission within 30 days postoperatively. Type of adverse event was mapped from CCS codes to corresponding ICD-9-CM diagnosis chapters based on the primary reason for requiring postoperative acute care. Supplementary Figure  1 , http://links.lww.com/SLA/B85 is a graphical schematic of the study design.
Elective hernia repair was selected as a representative operation to study PHS because it is a commonly performed operation by general surgeons in multiple healthcare environments. Additionally, in the elective setting, it is a low-risk operation that should be associated with minimal morbidity. As a result, we considered any unplanned emergency department or inpatient admission to be an adverse event following surgery.
Analytic Approach
Descriptive statistics are reported with arithmetic means (standard deviation), medians (interquartile range), or frequencies (proportions). Parametric univariate statistical testing for comparisons between groups was done using t tests or chi-square tests.
Multilevel, mixed-effects logistic models were used for both unadjusted and adjusted analyses with a random effect assigned for patients within ASCs. Adjusted odds are based on multivariable analysis controlling for age, sex, race, income level, payer status, comorbid disease severity [Deyo modification of Charlson Comorbidity Index (CCI)], and reason for inpatient admission before elective surgery. Model fit was assessed using the Akaike information criterion (AIC) and significance compared to null models with the likelihood ratio test. Classification sensitivity was assessed using area under the curve (AUC). Sensitivity analysis using propensity matching was conducted, yielding similar results (Supplementary Figure 2 , http://links.lww.com/SLA/B85).
Variation of quality across ASCs was measured using observed over expected (O/E) adverse event ratios with corresponding 95% confidence intervals (CIs) and shrinkage adjustment. Observed (predicted) events were based upon the best linear unbiased prediction (BLUP) incorporating both random and fixed effects, and expected events were based on predictions from the fixed portion of fitted hierarchical models. Centers were ranked based on O/E ratios, with lower quality ASCs defined as those with an O/E ratio significantly >1.0, average-quality ASCs with an O/E ratio with a 95% CI that crossed 1.0, and higher-quality ASCs with an O/E significantly <1.0.
Time to event analysis was performed using the Kaplan-Meier failure function. Follow-up was restricted to 30 days following elective surgery. The log-rank test was used to compare betweengroup differences in stratified measures. Cost analysis was conducted by converting total charge data to costs. Wilcoxon rank-sum/MannWhitney test was used to compare non-normally distributed costs of inpatient readmission between groups.
Statistical analyses were performed in STATA MP Version 13 (64 bit) and R x64 v.3.0.2. This study was deemed exempt from Institutional Review Board approval based on the use of deidentified records.
RESULTS
A total of 57,988 patients met our inclusion criteria. Elective hernia repairs were performed at 382 different ambulatory surgical centers. Baseline demographic and socioeconomic characteristics of the study population are shown in Table 1 . The mean age of the study population was 55.3 years (SD 15.6). Patients were grouped as either not having PHS (n ¼ 56,656) or having PHS (n ¼ 1332). Notable differences between the PHS and no PHS groups were observed during univariate testing. Patients with PHS were older (59.8 vs 55.2 years, P < 0.001) and more likely to have comorbid disease (CCI 0.7 vs 0.3, P < 0.001). In addition, there were differences in primary payer mix, with PHS patients predominately insured by Medicare (46.0%), whereas no PHS patients were most commonly privately insured (55.2%, P < 0.001). The mean time from previous inpatient admission and surgery was 48.7 days and the median length of stay for those admissions was 2 days [interquartile range (IQR) 1-4 days). For patients exposed to PHS, the 30-day risk-adjusted adverse event rate was significantly higher than that of patients not exposed to PHS (11.8% vs 5.8%, P < 0.001; Figure 1 ). Types of adverse events were compared between patients with and without PHS ( Table 2) . Overall, PHS patients were significantly more likely than non-PHS patients to experience postoperative complications [odds ratio (OR) 2.2, 95% CI: 1.6-3.0). Adverse events owing to digestive (OR 1.4, 95% CI 0.8-2.6) causes did not differ between groups. Adverse event rate varied across ASCs (Figure 2) . Lower-quality ASCs had a higher adverse event rate compared with higher-quality ASCs (OR 2.7, 95% CI 2.4-3.0). After controlling for ASC quality, PHS remained an independent predictor of adverse events (OR 2.7, 95% CI 2.3-3.2).
Next, cost analysis revealed that although there was no significant difference in cost for adverse events requiring inpatient hospitalization between groups [$9545.53 (IQR $6,818.53-$15,819.27) vs $10,698.92 (IQR $5843.10-$19,642.17), P ¼ 0.523], the higher frequency of inpatient readmission (7.6% vs 1.6%) for the PHS group resulted in an additional expenditure of $63,533.46 per 100 elective hernia repairs (Figure 3) .
Finally, we examined changes in the risk of adverse events owing to PHS over the 90-day window between initial hospitalization and elective hernia repair. We found that the elevated risk of postoperative adverse events associated with PHS did not decline significantly during the 90-day window before surgery ( Figure 4 ), and at no point did the risk return to normal levels. Although there was an overall downward trend in risk over the time period, there remained a marked increase in risk of adverse events after hernia repair at 30, 60, and 90 days postdischarge.
DISCUSSION
Patients hospitalized within 90 days before an elective surgery are at an increased risk of adverse events following surgery, particularly postoperative complications. PHS persists after controlling for baseline patient characteristics and medical comorbidities, as well as for surgical center quality and reason for hospitalization before elective surgery. Adverse postoperative events in patients exposed to PHS do not appear to be exacerbations of conditions they were hospitalized with before surgery, and most appear to be directly related to the surgery itself.
Before attributing the increase in risk of postoperative adverse events to PHS, we considered alternative explanations, including increased severity of comorbid disease in these patients, the need for or urgency of hernia repair in PHS patients, presurgical diagnosis, quality of the ASC performing the repair, and the possibility that the readmission is simply an exacerbation of previous conditions. In each analysis, even after controlling for confounders, the association between PHS and adverse outcome remained. These data support the idea that PHS defines a vulnerable population at elevated risk when undergoing even elective, low-risk surgery. CI indicates confidence interval; PHS, post-hospital syndrome.
Ã CCS codes were matched with ICD-9-CM diagnostic code chapters to create 17 distinct categories. yThe following adverse event categories were omitted from reporting because of HCUP restrictions (frequency <10 in a tabulated cell): other specified, other postoperative care unspecified, musculoskeletal system, mental illness, nausea and vomiting, infectious disease, skin and subcutaneous tissue, nutritional and endocrine disorder, and unknown.
zMultilevel, mixed-effects logistic models for each adverse event. Odds comparing PHS to no PHS (reference group). Adjustment with age, sex, comorbid disease severity (Deyo modification of Charlson Comorbidity Index), and reason for inpatient admission before surgery.
An alternate explanation for our finding is that this population is otherwise predisposed to high rates of acute care utilization. For example, patients who live farther away from care centers 8 as well as those in minority, 9 elderly, 10 and lower socioeconomic groups 11 tend to lack primary care providers, 12 and therefore utilize acute care such as emergency departments more frequently. [13] [14] [15] Although these types of covariates are not entirely captured by our data, they all are additional symptoms of PHS and should be part of a comprehensive preoperative evaluation before elective surgery to determine who may be at increased risk for an adverse event.
Previous literature has found that for medical patients hospitalized once, there is increased risk for subsequent readmission unrelated to the first admission. This risk has been attributed to PHS, caused by disruption in sleep-wake cycles, inadequate pain control, deconditioning, and changes in nutritional status. Together, this may lead to PHS creating a state of physiologic depletion and an impaired ability to heal against new health insults, including surgery. FIGURE 2. Observed over expected adverse event rate, by ASC (ranked from lowest to highest) with 95% confidence intervals.
y Predicted observed, with shrinkage adjustment. AE indicates Adverse event; ASC, ambulatory surgery center. 
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Impact of PHS on Elective Surgery Outcome By comparing a cohort of patients undergoing elective, low-risk surgery that are either exposed or unexposed to PHS, we were able to measure the risk of patients developing specific postoperative adverse events including postoperative complications, abdominal pain, and visits related to postoperative care. The increased odds for developing these hernia repair-specific adverse events provide more direct evidence than previous studies for the mechanism by which PHS impacts recently discharged patients. Dharmarajan et al 4 hypothesized that the risk of adverse events associated with PHS may remain high for several months after hospitalization. Indeed, we found that the risk remained high throughout the 90 days after discharge and observed no time at which the risk declined to normal. One possibility for this observation is an unexplained interaction between the physiologic vulnerability created by PHS and the demands of the recovery process after surgery to which only surgical patients are exposed. Therefore, additional studies are needed to elucidate the risk trajectory and identify how long the elevated risk persists.
From a policy perspective, our observations suggest the need for additional preoperative testing for patients undergoing elective surgery who have been hospitalized in the 90 days before the elective procedure; or, at minimum, further risk assessment. Importantly, the risks of postponing the procedure should be weighed against those derived from PHS. Efforts to promote patient well-being during and after inpatient hospitalization should be emphasized to improve patients' physiological reserve, possibly through greater attention to sleep, nutrition, activity levels, and careful symptom management. 1, 16 Since elective surgery should be associated with minimal morbidity and mortality, using lessons from high-risk elective surgery (eg, prehabilitation, standardized postoperative care pathways) may be a way to mitigate any increased risk found in PHS patients undergoing elective surgery. 17, 18 Furthermore, decreasing the number of adverse events, particularly postoperative complications, associated with PHS has the potential to provide a focus for significant cost savings. Our data suggest a potential saving to the healthcare system of over $10,000 for each PHS-related inpatient readmission. Postoperative complications, especially preventable ones, have previously been identified as a primary target for quality improvement as well as for reducing costs associated with readmission. 19 Postoperative complications owing to PHS fit these criteria, and reduction in PHS-related readmissions could be a straightforward step toward meeting this goal.
Limitations of this study include a focus on a single operation, elective hernia repair, to measure the role of PHS on outcomes after elective surgery. Although this procedure was chosen for its simplicity and low rates of associated morbidity and mortality, 5 our choice could affect the generalizability of the results. Second, defining an adverse event as readmission to the hospital can be debated: in some cases, the reason for readmission may be unavoidable (eg, urinary retention requiring an emergency department visit). Importantly, the nature of the study design does not allow a precise estimate of how much more the risk of adverse events increases among patients recently admitted who undergo hernia repair. Finally, we cannot answer why patients with recent hospitalizations are being operated on soon after an inpatient admission. Our data highlight the need to understand this process better.
CONCLUSION
In conclusion, patients who are exposed to PHS before an elective hernia repair are at increased risk for adverse events, particularly postoperative complications, following surgery. Among this population, these complications are the leading cause for adverse events, which are costly and potentially avoidable, possibly through additional preoperative testing or strategies that promote patient well-being during their initial hospitalization. More work is needed to determine when the increased risk of adverse events after elective surgery associated with PHS declines. 
